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1. INTRODUCTION 

The COVID-19 disease had a great impact on the world, which caused countless human losses. Each 
country focuses its efforts to control and take preventive measures in the face of the difficult situation. In 
addition, public health policies were implemented, which was necessary to avoid a resurgence in each city [1]. 
Despite this, the virus managed to spread, which caused the different states to make the decision to paralyze 
all activities. This action had the objective of putting a stop to the rapid spread. However, great economic losses 
were generated, not only for the state, losses were also generated for citizens who register income day by day. 

In Peru, the agricultural and irrigation development sectors, as well as tourism, are considered the 
most essential, due to the large amount of income they produce [2]. With the announcement of the sanitary 
measures established by the government, these sectors were affected, since, being considered a highly 
contagious area, they were forced to close their activities. This generated a great mass of unemployment and 
lack of care in the facilities of these sectors [3]. The alpaca sector was affected by the closure of the industries, 
since one of the essential activities they carried out was the export of materials, as in this case of camelids. 
These activities were based on the extraction of its fiber, skin, among other derivatives, but due to the stoppage, 
a great loss of jobs was recorded, which represents 2.85% of the global economically active population and 
30.2% of the population economically active industrial [4]. When unemployment was generated, the alpaca 
families suffered great economic losses to the point of becoming poorer. The big alpaca fiber sales days are 
between the months of March and June, therefore, there is no demand due to social isolation and the market 
does not have fixed sales. There are more than 82,000 families of alpaca and llama breeders in the country, 
who produce 4,500 tons of alpaca fiber and 16,000 tons of meat per year (75% alpaca and 25% llama) [5], [6]. 
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This fall has affected the income of families and the entire alpaca fiber value chain, as well as producers, micro 
and small fiber processors, as well as weavers and artisans. While all activity is paralyzed, the camelids face 
various climatic changes, and this can cause the animals to be affected by multiple diseases, in the presence of 
strong frosts in the Andean zone of the Lima region. For this, control and prevention actions of infectious 
diseases in camelids are developed, since the animals are displaced to the Andes, in very cold areas and 
especially high, in certain places where other animals would not survive, approximately 4000 masl [7]. 
Although it is true, actions were taken for good care and health control of camelids, but due to the current 
situation, it can be a bit complicated, at a sanitary level, camelids can suffer from malformations, as well as 
various associated infections to Sarcocystis, in addition to suffering from endo and ectoparasites due to the 
infrastructure or natural environment in which they live [8]-[10]. Camelids are considered a source of medical 
studies, for which, in complicated stages created by the coronavirus, different experts observed the positive 
reactions of this species [11]. for which this species is considered of utmost importance, that is why it is 
necessary to be in constant care of these animals either by a specialist or a trained breeder, otherwise it could 
cause economic losses, as well as research. 

In this research, the implementation of a mobile application is proposed as a tool for the care and 
health control of camelids to improve their productivity and export in Peru, in such a way that it helps the 
farms, since, in this difficult stage due to social isolation due to the pandemic, fiber and leather sales activities, 
among others, were paralyzed. While the activities are uncertain, the camelids that are in the high and icy parts 
can suffer various diseases due to climate changes. This mobile application will provide solutions and follow- 
up to diseases that may originate in camelids, and in the same way that it can provide recommendations for 
better care of these animals. In case expert attention is required, the application will provide the attention of a 
veterinarian who will give information about the treatment in order to achieve improvements in the camelid. 

In the present investigation, a perspective on mobile applications and web systems will be carried out, 
as well as the functions in veterinary specialties. With the implementation of the mobile system, oriented to 
the care and sanitary control of camelids, it is proposed to improve productivity and exports in Peru. Related 
to research, it would not be the first time that applications have been made, both on the web and mobile, for 
the care and health control of animals. 

Mwabukusi et al. [12] mentions that due to the difficulties of filling out disease forms, either due to 
the environment or any other difficulty related to the infrastructure, it was decided to use various digital services 
as well as short-range messaging, such as such as mobile or web services. This project had the purpose of 
capturing and transferring disease data to the different health sectors, both for animals and humans. It is for 
this reason that the server-to-client transmission model was used, resulting in a disease surveillance system, 
which is useful for providing data in real time, in addition to providing remote facilities in rural areas. In 
another case, mention could be made of another project of a mobile application that is also for web platforms. 
Being designed as a remote telemedicine learning tool to help farmers get immediate support and reach out to 
veterinary care experts. The project resulted in a tool capable of providing help to different breeders, providing 
them with recommendations on the management of animals [13]. Mention can also be made of a web 
application that can be very helpful for a breeder of certain species of animals. In this case, a system capable 
of diagnosing goat disease was implemented, whether it be a mild, moderate or severe disease level, in addition 
this system is capable of providing treatment for said diseases. Therefore, the application consists of effective 
treatments, for which the intervention of expert doctors is not necessary [14]. On the other hand, mention can 
also be made of the project: “DVet Utmach”. This project presents a module for veterinary diagnosis, as well 
as for frequent diseases, and another that is capable of indicating which medical laboratories are nearby. The 
application was developed through the agile scrum methodology, which resulted in a tool capable of providing 
communication and data transfer with veterinarians [15]. Based on the comments, different authors contributed 
to the development of both mobile applications and web systems that are oriented to the animal health sector. 
Each author shows a different section, but with the same purpose, in which essential modules for animal care 
can be mentioned. However, the mentioned applications are limited to showing a specific functionality, they 
do not usually cover other points, in addition, with the constant technological change, they usually lack 
innovation, as well as new functions in their platforms, for which, in this work, it was decided to take some 
functionalities as a reference and add new functions to generate value to the dedicated sector. 


2. METHOD 

This section specifies in detail the steps that were developed throughout the project based on the agile 
scrum methodology. This methodology was selected due to the flexibility it offered us when establishing the 
different parts of the project, such as the designation of work, meetings, among others. On the programming 
side, the Android Studio tool was used, as well as Firebase, which provided us with an improvement in the 
administration of the mobile application database [16]. 
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2.1. Scrum 

In this section, the aforementioned will be detailed, the agile methodology that was applied for the 
implementation of the mobile application is the agile scrum methodology, because it provides the flexibility to 
control and manage the requirements that are presented, as well as the development of the software [17]. It 
should be noted that scrum has many processes and they are divided into 5 phases (initial stage, planning stage, 
implementation, review and retrospective and launch), for this project, we chose to visualize the essential 
phases. The project is divided into sprints, a sprint is the smallest block of scrum that has a small team that 
works on the assigned task over the course of 1 to 3 weeks [18], in the course of the sprints, meetings are 
established in in case there are changes, or any other incidence. 


2.2. Case study 

At this point, the proposed methodology was developed, detailing the case study of the scrum phases 
used in the project. The implemented mobile application is a care and health control tool for camelids. This 
system adds value to farms, whether they are new to the care sector or those who already have experience, and 
also improves the productivity and export of these animals. To have a better understanding of the system, 
Figure | shows the architecture of the proposed application, in which the users who will use it are displayed, 
which would be breeders and expert veterinarians in camelids, on the other hand, it is also displayed the 
database process and how they are related to the application. 
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Figure 1. System architecture 


2.2.1. Initial stage 

In this first phase, scrum is characterized by the identification of the 3 main roles, in which there is 
the product owner, as well as the scrum master and the members who develop the project, called the scrum 
team [19]. Although it is true, there are also other secondary role roles, such as users, sponsor and stakeholders, 
but these roles do not necessarily have to be in the project, since the development can continue without the 
need for them [20]. In this phase, the participation of the 3 main roles was chosen, which, if necessary due to 
their importance in the project, also carried out the elaboration of the requirements, which is aligned to the 
fulfillment of the objectives established by the project. client. In addition, in this phase, the requirements were 
converted into user stories. 


2.2.2. Planning stage 

After holding meetings with the team to brainstorm ideas to convert the requirements into user stories, 
the product backlog and the risk backlog were refined. To establish the backlog, various estimates and 
prioritizations were established, as well as user stories, tasks, among others. For the estimates, various tools 
were taken into account, such as planning poker, shirt size, analogous estimation or affinity estimation [21]. 
After establishing the backlog, the product map was created through the stories and in the end the speed with 
which the project would go was established. 


a. Story estimation and prioritization 

The prioritization of the stories was carried out starting from the most important for the project or also 
called what is of value. On the other hand, it was estimated by means of different tools measuring the effort 
required by each story [22]. After estimating and prioritizing the user stories, a validation was established 
according to the story points assigned in the estimate, in order to ensure that a correct estimate was established. 
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b. Planning of deliverable 

After breaking down the epics, estimating and prioritizing the user stories, the result was grouped, 
generating the sprint, in which the designated user story was developed in the team meeting in an approximate 
time. Then the product backlog is established as shown in Table 1, in which the user stories will be ordered by 
priority and estimate [23], it also represents the different interactions by the team in the project [24]. The project 
is divided into 36 history points, for which it was divided into 3 sprints, with this the sprints of the project were 
observed and analyzed, in the agile scrum methodology the speed varies. For that reason, the first sprint has an 
initial speed of 12, the second sprint the speed increases and has a quantity of 17 and the third and last sprint 
has a lower speed of 7. 


Table 1. Product backlog 


N° User Stories Priority _ Estimate 


1 Asan administrator I want the system to have a login to allow user access. 2 3 
2 Asan administrator, I want the system to have a data registry to store information on new users. 1 4 
3 As auser, I want each module of the system to have a help guide to know its functionalities. 9 3 
4 As a user, I want the system to show me information on disease care for better health control of camelids. 4 5 
5 As a user, I want the system to allow me to consult about the disease of camelids to obtain information on 3 5 
a possible treatment. 
6 Asauser, I want the system to have a search history to access past queries. 8 4 
7 Asauser, I want the system to provide me with recommendations to have a better breeding of camelids. 5 3 
8 As auser, I want the system to have a list of specialists in camelids to be able to contact them. 6 3 
9  Asauser, I want the system to allow me to establish communication with the specialist through a chat to 7 7 


receive expert advice. 


2.2.3. Implementation 

In this third phase, it is where the creation of the deliverables is used, where the different assigned 
tasks are executed, as well as the creation of the system prototypes, which were established by modules 
according to the stories, prioritized and estimated during the planning [25], [26]. At this point, the assignments 
given by the owner of the product must be fulfilled, in an approximate time [27]. In this phase, the 
implementation of the prototypes of the user stories of the mobile application is shown, which was divided by 
sprints. 


a. First sprint 

For the first sprint, user stories 2, 1, and 5 found in the backlog of the prioritized product in Table 1 
were taken into account. In this first sprint, an iteration was carried out, so in Table 2, you can view the user 
stories that make up the iteration, as well as the time it takes to complete each story, in addition to mentioning 
which user will use it and what criteria the story needs to be accepted. After the iteration, in Figure 2, by means 
of Figure 2(a) the prototype of user story 2 is shown, in Figure 2(b) the prototype of user story | is shown, and 
in Figure 2(c) user story 5 prototype shown. 


Table 2. First sprint 


Description 
User story 2 As an administrator, I want the system to have a data registry to store information on new users. 
User Breeder. 
Estimated time 2 days. 
Developer Mufioz Roberto and Oscco Carlos. 
Acceptance In order to enter the application, the user must provide certain personal data. 
criteria 
User story 1 As an administrator I want the system to have a login to allow user access. 
User Breeder. 
Estimated time 2 days. 
Developer Mufioz Roberto. 
Acceptance In this case, the application shows a login, which allows registered people to enter the application. 
criteria 
User story 5 As a user, I want the system to allow me to consult about the disease of camelids to obtain information on a 
possible treatment. 
User Breeder. 
Estimated time 3 days. 
Developer Mufioz Roberto. 
Acceptance The application shows different search filters for queries on diseases and their possible treatment. 
criteria 
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Figure 2. User story; (a) user story 2, (b) user story 1, and (c) user story 5 


b. Second sprint 

For the second sprint, user stories 4, 7, 8 and 9 were taken into account, which are found in the backlog 
of the prioritized product in Table 1. In this second sprint an iteration was carried out, for which in the Table 
3, you can see the user stories that make up the iteration, as well as the time it takes to make each story, in 
addition to mentioning which user will use it and what criteria the story needs to be accepted. After the iteration, 
in Figure 3, through Figure 3(a) the prototype of user story 4 is shown, in Figure 3(b) the prototype of user 
story 7 is shown, in Figure 3(c) the prototype of the user story 8 is shown and in Figure 3(d) the prototype of 


the user story 9 is shown. 


Table 3. Second sprint 


Description 


User story 4 As a user, I want the system to show me information on disease care for better health control of camelids. 
User Breeder. 
Estimated time 3 days. 
Developer Mufioz Roberto. 
Acceptance The application shows information related to the care of camelids. 
criteria 
User story 7 As a user, I want the system to provide me with recommendations to have a better breeding of camelids. 
User Breeder. 
Estimated time 1 day. 
Developer Oscco Carlos and Mujfioz Roberto. 
Acceptance The application shows recommendation on raising camelids. 
criteria 
User story 8 As a user, I want the system to have a list of specialists in camelids to be able to contact them. 
User Breeder. 
Estimated time 1 day. 
Developer Mufioz Roberto. 
Acceptance The system must show a list of camelid care specialists. 
criteria 
User story 9 As a user, I want the system to allow me to establish communication with the specialist through a chat to receive 
expert advice. 
User Breeder. 
Estimated time 4 days. 
Developer Mufioz Roberto. 
Acceptance The system displays a chat with different message options to establish communication. 
criteria 
c. Third sprint 


For the third sprint, user stories 3 and 6 found in the backlog of the prioritized product in Table | were 
taken into account. In this third and last sprint, an iteration was carried out, so in Table 4, you can view the 
user stories that make up the iteration, as well as the time it takes to complete each story, in addition to 
mentioning which user will use it and what criteria the story needs to be accepted. After the iteration, in Figure 
4, by means of Figure 4(a) the prototype of user story 3 is shown, and in Figure 4(b) the prototype of user story 
6 is shown. 
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Figure 3. User story; (a) user story 4, (b) user story 7, (c) user story 8, and (d) user story 9 


Table 4. Third sprint 


Description 
User story 3 As a user, I want each module of the system to have a help guide to know its functionalities. 
User Breeder. 
Estimated time 1 day. 
Developer Mufioz Roberto. 
Acceptance criteria The application has a tutorial guide for each section of the application. 
User story 6 As a user, I want the system to have a search history to access past queries. 
User Breeder. 
Estimated time 3 days. 
Developer Oscco Carlos and Mujfioz Roberto. 


Acceptance criteria The app stores a history of past searches. 
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Figure 4. User story (a) user story 5 and (b) user story 8 


3. RESULTS AND DISCUSSION 

In this section, mention was made of the results obtained in the implementation of the project, as well 
as the different discussions reached during the course. On the part of the results, the general operation of the 
project was commented in detail through different graphs, in which the validations by both experts and users 
are shown. As part of the discussions, a comparison was made between different agile methodologies, such as 
the one that is being used in the project, which would be the agile scrum methodology, and another that was 
not used, such as the agile extreme programming (XP) methodology, in which show the advantages and 
disadvantages of both methodologies. 
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3.1. Regarding the agile methodology 

In this section, mention is made of the differences in the application of agile methodologies scrum 
and XP in project management. While it is true, these agile methodologies mention various techniques that 
help the development team to be optimal, and to show how a software project is progressing quickly. There are 
multiple agile methodologies used in the market, in this case, two methodologies were investigated. In the first 
place, we can mention the agile scrum methodology, it is a framework in which people can solve complex 
problems that can be adapted, while delivering products of the highest possible value [28]. Scrum is also 
considered as a work method, by which all kinds of existing problems in the development of a project are 
minimized. This methodology is specialized for various local environments, in which changes are made 
constantly, that is why a final delivery is not made, rather the project is delivered in parts on a regular basis. 

On the other hand, extreme programming or also known as XP methodology, was developed to guide 
software development teams whether they are large or medium-sized, which can be made up of two or up to 
ten project developers. This methodology is oriented to different environments in which the requirements are 
not precise or are constantly changing [29]. In other words, it is an agile methodology based on enhancing 
relationships between collaborators as a key to success in software development, promoting teamwork, 
worrying about the learning of developers, and fostering a good work environment. XP is based on continuous 
feedback between the client and the development team, fluid communication between all the participants, 
simplicity in the implemented solutions and courage to face changes [30]. XP is highly suitable especially for 
projects with imprecise and rapidly changing requirements, and where there is a high technical risk, but the 
necessary collaborators are available to cover those needs. For a better understanding, Table 5 shows the 
advantages and disadvantages of the agile methodologies mentioned. 


Table 5. Comparison of agile methodologies 


Advantages of scrums Disadvantages of scrum 
You can view the results for each stage, without having to wait until |The groups must be divided into small teams, since the effect 
the end. of the method would be lost. 
It provides flexibility and adapts to different management contexts. The definition of quick tasks and deadlines are essential, 


since it is fundamental to the methodology. 
Clients can intervene at each stage to propose ideas or solutions for | You cannot continue with the other tasks if there are pending 
the development of the project. tasks in the project. 
The risks that may appear during the project are solved quickly and 
efficiently due to the intervention of the team. 


Advantages of Extreme Programming (XP) Disadvantages of Extreme Programming (XP) 
Allows close communication with the project stakeholder. Depending on the number of processes, it can be relatively 
expensive. 
The software is optimized due to continuous testing. Too long a time is needed for the elaboration of the project. 
Fewer development bugs on the project due to duo collaboration. The client usually intervenes a lot in the work causing 
delays. 


Absence of work and unnecessary hours in the project. 


3.2. Validation of the design model with experts 

This section shows the results of the design quality level validation, based on 15 experts who are 
trained in camelid health issues, as well as experts in health system application design issues. In the validation, 
different criteria were applied (usability, innovation and technology), of which questions were established 
based on the Likert scale, with the response option being 1=very low, 2=low, 3=regular, 4=high, and 5=very 
high. This means of validation had the purpose of measuring the degree of acceptance by the experts. Table 6 
shows the criteria used in this validation, as well as the different questions used in each criterion, and the level 
of quality obtained by calculating the mean and standard deviation (S.D). It is also noted that the total average 
is 4, so the final quality level is Tall. 


3.3. Validation of the design model with users 

In addition to validating the application by experts in the field, a system usability study (SUS) was 
also carried out, through this validation, possible errors based on the operation of the system were mitigated, 
as well as the acceptance of the application by part of the users. For this, the collaboration of 30 people was 
needed, in which camelid farms stand out, as well as part of the population affected by the stoppage of activities. 
The measurement of performance and acceptance was carried out for each sprint, for the validation of 
performance, the Likert scale was used, having as response option: 1=very low, 2=low, 3=Regular, 4=High, 
and 5=very High. On the other hand, for the measurement of the degree of acceptance, the parameters of 
"Complies", "Does not Comply" were used, with the aim of analyzing how accepted the application is. 
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Table 6. Validation by experts 


Criterion Questions Mean S.D Quality 
The application has an optimal loading time. 4.10 0.56 High 
The application is easy to use for users who do not have knowledge about applications. 4.30 0.67 High 
Usability The application is divided into sections for a better understanding of the user. 4.10 0.56 High 
The application is compatible with any mobile version or system. 4.20 0.78 High 
The application has a nice interface for users. 4.70 0.67 Very High 
Make a quick diagnosis of camelid diseases. 4.50 0.70 Very High 
Innovation Continuously transmit knowledge. 4.20 0.78 High 
Provides recommendations for raising camelids. 4.10 1.10 High 
A specific programming language was used for mobile applications. 4.00 0.47 High 
Technology _ A transactional database in the cloud was used for queries and local storage. 4.00 0.47 High 
A framework capable of adding more functionalities to the mobile interface was used. 4.30 1.05 High 
Total Average and Final Quality Level 3.5=4 High 


3.3.1. First sprint 

In the validation of the first sprint, both the functionality and the degree of acceptance of the mobile 
system were evaluated with the participation of 30 users. In Figure 5, it is observed that 13 users determined 
that the functionality of the first sprint is "Very high", as well as 8 users qualified as "High", another 5 users 
determined the function as "Regular", 2 users qualified as " Low” and 2 other users rated it “Very Low”. On 
the other hand, in terms of acceptance, in Figure 6, it is shown that 93% of those evaluated, highlighted the 
implementation of the application, indicating that it "Complies", instead 7% were not satisfied, indicating that 
"No complies” with the degree of acceptance. 


Users 
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@ Very High #High = Regular Low II Very Low 
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Figure 5. Sprint | functionality validation 
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complies 
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Figure 6. Acceptance of sprint 1 


3.3.2. Second sprint 

In the validation of the second sprint, with the intervention of 30 users, the functionality of the system 
was evaluated, as well as the satisfaction of the users with the mobile application. In Figure 7, it can be seen 
that 14 users determined that the functionality of the first sprint is "Very High", as well as 9 users qualified as 
"High", another 4 users determined the function as "Regular", 2 users qualified as “Low” and one user rated 
“Very low”. On the other hand, in Figure 8, it is shown that 94% of those evaluated, highlighted that the 
implementation of the application if "Complies" with the degree of satisfaction, instead 6% were not satisfied 
indicating that "It does not comply" with the degree of satisfaction. 
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3.3.3. Third sprint 

In the validation of the third and last sprint, with the participation of 30 users, the functionality of the 
system was evaluated, as well as the satisfaction of the users with the mobile application. In Figure 9, it can be 
seen that 12 users determined that the functionality of the first sprint is "Very high", as well as 10 users qualified 
as "High", another 5 users determined the function as "Regular", 2 users qualified as “Low” and one user rated 
“Very low”. On the other hand, in Figure 10, 92% of those evaluated highlighted the implementation of the 
application, pointing out that if it "Meets" the degree of satisfaction, on the other hand, 8% were not satisfied, 
stating that "It does not meet" the degree of satisfaction. degree of satisfaction. 
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Figure 9. Sprint 3 functionality validation 
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4. CONCLUSION 

In summary, the implementation of the mobile application for the care of camelids was successfully 
completed, the objective was to develop a system capable of providing care through recommendations, as well 
as a sanitary control for camelids. Likewise, the application provided help to the people who are in charge of 
caring for the camelids in the highlands of the Andes, through the processes of the application, the people of 
those areas were able to find out about the diseases that these animals can reach. suffer, and what 
recommendations they would need for good care and upbringing, in case they have needed other information, 
through the application the users communicated with a specialist to reach a better care and control of camelids. 
The mobile application was developed through the agile scrum methodology, which allowed meeting the 
requirements established by users, which contributed to the development of various points necessary for the 
project, such as sprints, product backlog, the prioritization and estimation of user stories, among others. On the 
other hand, for future deliveries of works related to the subject, it is recommended to investigate in more detail 
about agile methodologies, as well as the implementation of more functions, because the application will be 
constantly updated according to the advancement of new technologies, such as such as artificial intelligence or 
machine learning, which could be implemented in the application to give it more value. 
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